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[57] ABSTRACT 

The invention relates to products which are to be bound 
specifically to the membrane of a keratinocyte by means 
of a ligand-receptor bond. 

These products carry at least one ligand consisting of an 
oside residue selected from dt-L-rhamnose, a-D-galac- 
tose and a-D-galactose-6-phosphate. 

By virtue of this specificity, it is possible to prepare 
cosmetic or pharmaceutical compositions having an 
improved efficacy in particular, for example for regen- 
eration of the epidermis, for the treatment of psoriasis or 
for renewed hair growth. 

59 Claims, 3 Drawing Sheets 
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Said document concerns the problem of the drying f 
METHOD OF BINDING A PRODUCT TO THE proteins from aqueous soluti ns containing saccharides 
MEMBRANE OF A KERATINOCYTE BY MEANS in order to avoid chemical and physical degradation 
OF A UGAND-RECEFTOR BOND, METHOD OF processes (see page 3, 2nd complete paragraph). 

PREPARING SUCH A PRODUCT, PRODUCT 5 More recently, it has been proposed to give liposomes 
OBTAINED, COSMETIC OR PHARMACEUTICAL specificity (see BARBET J. et al., "M hoclonal Anti- 
COMPOSinON IN WHICH IT IS PRESENT AND body covalently coupled to liposomes: Specific Target- 
ITS METHOD OF PREPARATION ing to Cells" in J. Supramol. Struct. Cell. Biochem., 16> 

243-258 (1981, and LESERMAN L. D. et al.. "Target- 
The present invention relates essentially to a method 10 kg to Cells of fluorescent Liposomes covalently cou- 
of binding a product to the membrane of a keratinocyte pled with Monoclonal Antibodies or protein A tt in Na- 
by means of a ligand-receptor bond, to a method of tore, 228, 602-604 (1980)). 

preparing such a product, to the product obtained, to a Furthermore, patent document WO 88/00474 de- 
cosmetic or pharmaceutical composition in which it is acribea a lipid membrane structure comprising a lipid 
present and to its method of preparation. " vesicle encapsulating a drug, and a ligand containing a 

The existence of processes for the recognition of specific for hepatobiliary receptors, for the pur- . 

cells, for example in relation to other cells or substances P°« of directing the structure towards the hepatocytes 
such as proteins, has been known for a long time: These 911 exceptional efficacy. 

processesactbywayofareactiono^^ European patent document A-0 028 917 relates to 

a receptor present on the surface of the cells! 20 L P ld . carr^g hydrc^irbon surfaces as lym- 

For example, the recognition of surface antigens by P^cally targeted vehicles for therapeutic and diag- 
monoclonal antibodies iTknown, this phenomenon ^Purposes Said document does not concern the 
being utilized in therapeutic or diagnostic applications. " o! kc , + A « ,„ ™ e ^ 

Here may be cited, for example, iFrench patent docu- „ European patent dc>cumcnt A-0 285 178 relates to 
iTl/n/MT * *w*w** ^7 25 mannobiose denvatives which are useful as a compo- 

ment Al-2 606 034, which describes antibodies capable 1!!!^° 

of recognizing a new surface protein and of being used ncnt for mod ^« pharmaceutical preparations, such 
m m,y&u*m& « new aw^ |;»u« U i «i U yi ua^u liposomes, having a specific affinity for the Kupffer 
especially as reagents in techniques based on the anti- ^^of the liver 

gen-antibody reaction. The abstract of STN database of KARLSRUHE, 

Recognition processes are also knpwn which involve ^ yo , m of Jun gf l98? ab$tract 193579jf dtes m artide 
sugars. These are recognized specifically by membrane b TODA, in Journal of Investment Dermatology, 
receptors. However, the sugars recognized are not the %m 4 i Mll which ^ ^ ^ Cttlture of frcsh iy 
same from one typepf cell to another. It is known, for iso]ated human kcra tinocytes on substrates bound to a 
example, tMt rat hepatocytes specifically ^ recognize m ertn\ ligand, including fibronectin, collagen or a 
galactose (Ashweli G. and Morell A. G., Advan. En- 35 structure membrane. 

zymol. (1974) 41, 99-128) whereas human fibroblasts Said document goes in a totally different direction 
recognize mannose-6.pbosphate. from that forming the subject of the invention. 

Based on this acquired knowledge, attempts have fa fact, said document recommends a specific culture 
been made to develop targeted drug delivery systems 0 f kcratinocytes in order to activate them with a 
making it possible to reach those sites in the organism 40 vi ew to activating their capacity to multiply on all sub- 
on which it is desired to act. Liposomes have been used states coated with ligands. 

in particular for this purpose. -j^is article demonstrates that the invention described 

Since their discovery by BANGHAM (J. Mol. Biol., was not 4ta ij ev ident to those skilled in the art. 

13, 238-252 (1965)), liposomes have been used as vehi- Finally, patent application PCT/WO 86/05789 to 
cles for medicinal or other active principles (see, for 45 BIOCARB also relates to hydrocarbon derivatives in 
example, French patent documents A-2 221 122, A-2 the context of specific targeting for a therapeutic or 
415 460 or A-2 540 381). diagnostic purpose, this targeting being effected on 

French patent document A-2 609 397 relates to the molecules of different organs of mammals, including 
use of a substance or composition of carbohydrate type man (see page 1, lines 4 to 8). 
as the active principle of a dermatological, cosmetologi- 50 it is apparent from the objects indicated on page 2 
cal, pharmaceutical or cell stimulating composition for . that the invention described in said document relates to 
the purpose of boosting the cell or tissue bioenergetic the detection of pathogenic bacteria by particular re- 
potential (see claim 1) or for improving skin comfort, by ceptors. 

virtue of their moisturizing, smoothing and softening This therefore has nothing at all to do with the prob- 
effect (page 3, line 33 to page 4, line 10, where even an 55 1cm of the targeting of keratinocytes, which is the sub- 
antiinflammatory action is indicated). ject of the invention described below. 

Said document therefore concerns a general teaching As far as the skin is concerned, it is seen that there is 
which does not relate to the particular problem of an obvious advantage in dermatological and especially 
keratinocytes. cosmetic products, applied locally, binding preferen- 

Patent document PCT/WO 87/05300 to BIOGOM- 60 tiaily and specifically in the epidermis. Binding to the 
PATTBLES LTD relates to a method of preserving a membrane receptors of the keratinocytes, Which are the 
material having a water-dependent structure, which essential cells of the epidermis, constitutes a solution to 
comprises bringing the material into contact with an this problem. 

aqueous solution of a polyhydroxyl compound and then Now, no sugar receptors on the surface of keratin o- 
rembving the water from this material, the object being 65 cytes were known hitherto. 

to permit the long-term preservation f biological mate- According to the present invention, it has been dis- 
rials such as hemoglobin, erythrocytes, liposomes and covered, totally unexpectedly, that a product can be 
cells (see page 1, lines 1 to 4). bound to the membrane of a keratinocyte by means of a 
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ligand-receptor bond when using a product carrying at ceptors, said oside residue being , selected from rham- 

least one ligand consisting of an oside residue selected nose, galactose and galactose-6-phosphate and prefera- 

from rhamnose, galactose and galactose-6-phosphate. It bly from a-L-rhamnose and a-D-galactose-6-ph s- 

has in fact been discovered, unexpectedly, that rham- phate. It sh uld be noted that the inventi n includes all 

nose, galactose and galactose-6-phosphate are specific S the isomeric forms of rhamn se and galactose, 

ligands for the receptor sites f the membrane of According to one advantageous characteristic, the 

keratinocytes. It has also been bserved that a-L-rham- ligand is coupled to the surface of said basic structure 

nose and a-D-galactose-6-phosphate have a considera- by a covalent chemical bond, 

bly greater specificity than o-D-galactose and are thus According to another advantageous characteristic of 

preferred to the latter. 10 the method according to the invention, the ligand is 

Moreover, it has also been demonstrated that the coupled to the surface of the afore-mentioned basic 

product carrying this sugar forming a specific ligand for structure via a spacer arm such as the residue of a 

the receptors of the membrane of keratinocytes can take heterobifunctional reagent or a group of several sugars 

a variety of forms. For example, it can be a submicro- the (M>0-i3-D-glucopyranosyKl-6)-0-/J-D- 

scopic particle such as a liposome or a polymeric nano- 15 giucopyranosyl group. Such spacer arms are well 

particle, or a molecule or macromolecule of natural or known to those skilled in the art, who will be able to 

synthetic origin, such as a protein. Also, the sugar form- rcfcr for examp i e to the article by J. S. Slama and R. R. 

ing the ligand can be coupled in various ways to the m Biochemistry, 1980, 19, 4595-4600. 

surface of this product It can advantageously be cou- According to another particularly advantageous 

pled by a covalent chemical bond, preferably via a 20 characteristic p fthe met hod according tothe invention, 

spacer arm. ... , the afore-mentioned product is a submicroscopic parti- 

Thus the object of the present invention is to solve de ^ w a u e or a po lvme n C nanoparticle. 

the new technical problem which consists in providing According toyet anotherparticularly advantageous 

a wlutionmaking it possible sp^ific^ly to bmd a prod^ charact eristic of the method according tothe inveition, 

uct to the membrane of keraUnocytes by means of a 25 ^ rf ore . mentioned product h a or „. 

1 5S^^^^!^SS1 t vl^Ze of natural or synthetic origin, such as 

other categories of cells surrounding the keratmocytes. riricaMc containing a-I^rhamnose. extracted in 

The object of the present mvention is to solve the ~\ ^^ 3mt l wu « U1 ^^ , „ 7/7: r 

above newtechnical problem by means of an extremely P^cular from the plant Centella asianca, available for 

simple, rapid, practical and reliable method. A further 30 example from Inverni Delia Beffa, 

object of the present invention is to solve this new tech- u a d^alactosyldiglycende obtained especially from a 

nical problem by providing a method of selecting a wheat flour Mtract ' available for cxam P lc from S ***. 

product capable of binding specifically to the mem- or , . , , , _ 

brane of a keratinocyte by means of a ligand-receptor . a neoglycoprotem obtained for example by combin- 

bond, said method being particularly simple, rapid, 35 m « a ™ albumin(SA). foi -example bovmeorhuman 

practical and reliable. serum albumin, with one of the afore-mentioned sugars. 

A further object of the present invention is to solve According to another characteristic of the method 

the afore-mentioned new technical problem by provid- according to the invention, the afore-mentioned prod- 

ing a method of preparing such a product capable of uct is or contains a substance of cosmetic or pharmaceu- 
binding specifically to the membrane of a keratinocyte 40 tical interest, especially dermatological interest, such as 

by means of a ligand-receptor bond, said method also for modulating the metabolism of the skin cells, 

being simple, rapid, practical and reliable. A further According to a second feature, the present invention 

object of the present invention is to solve the afore-men- provides a method of selecting a product which is 

tioned new technical problem by providing a product to *» 001111(1 10 tne membrane of a keratinocyte by 

capable of binding specifically to the membrane of a 45 mcans of a h'gand-receptor bond, which comprises se- 

keratinocyte by means of a h'gand-receptor bond, said Iecting, from a group of products, those consisting of a 

product being in a form which is particularly easy to basic structure coupled to at least one ligand consisting 

handle, being reliable and being able to be used rapidly of an oside residue accessible to the receptors, said oside 

without requiring particular steps. A further object of residue being selected from rhamnose, galactose and 
the present invention is to solve the afore-mentioned 50 galactose-Diphosphate, preferably a-L-rhamnose and 

new technical problem by providing a cosmetic or a-D-galactose-6-phosphate. 

pharmaceutical composition, especially a dermatologi- According to a third feature, the present invention 

cal composition, and its method of preparation, incor- also provides a method of preparing a product which is 

porating such a specific product, which has all the to be bound to the membrane of a keratinocyte by 

afore-mentioned decisive technical advantages relating 55 means of a ligand-receptor bond, which comprises cou- 

to the reliability of the specific binding to the membrane pling a corresponding basic structure to at least one 

of a keratinocyte by means of a ligand-receptor bond ligand consisting of an oside residue accessible to the 

using a rapid and practical method. membrane receptors, said oside residue being selected 

The present invention solves the afore-mentioned from rhamnose, galactose and galactose-6-phosphate, 
technical problem by providing the aforc-men tioned 60 preferably a-L-rhamnose and a-D*galactose-6-phos- 

solutions in an extremely simple manner which can be phate. 

used on the industrial scale. According to one particularly advantageous charac- 

Thus, according to a first feature, the present inven- teristic, the afore-mentioned ligand is coupled to the 

tion provides a method of binding a product to the basic structure by a covalent chemical bond. The cou- 

membrane of a keratinocyte by means of a ligand-recep- 65 pling can be effected in accordance with the general 

tor bond, which comprises using a product consisting of method described by Mac Broom in Methods in Enzy- 

a basic structure coupled to at least one ligand consist- mology (1972) 28, 212-222, or else the method de- 

ing of an oside residue accessible to the membrane re- scribed by F. J. Martin and D. Papahadjopoulos in The 
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Journal of Biological Chemistry (1982), vol. 257, no 1, tically effective am unt, advantageously when said 

pages 286-288. product is associated with a cosmetically or pharmaceu- 

According to ah ther advantageous characteristic of tically acceptable vehicle, carrier r excipient. 

the method according to the invention, the afore-men- it can be. seen that the inventi n makes it possible to 

tioned ligand is coupled to the basic structure via a 5 achieve the cell targeting of a product, which can thus 

spacer arm such as defined above. be concentrated specifically at the keratinocytes by 

According to yet another advantageous characterise virtue of the presence of at least one specific ligand 

tic of the method according to the invention, the basic consisting of an oside residue selected from rhamnose, 

itructureis a^bmicroscopkpa^clesuchasa liposome galactose and galactose-6-phosphate, preferably a-L- 

or a polymeric nanoparticle. 10 rhamnose and a-D-galactose-6-phosphate. 

According to yet another characteristic of the within the framework of the present invention, the 

method according to the invention, the afore-mentioned product to which the specific ligand consisting of the 

basic structure is a molecule or macromolecule of natu- ^ e residue is coupled is of an arbitrary nature, 

ral or synthetic origin, such as a protein, for example a i t is possible, for example, to use a protein to which 

serum albumin. y 15 onebfthe afore-mentioned sugars is coupled by a syn- 

Accordmg to yet another advantageous charactens- method 

ticcrfthemet^accorto^ In an advantageous embc^entofthemvention, the 

*!£™?\ P ? °? ^ nt T * ***T*a of °» ■ " numberofbsio>residues^^ 

metic or pharmaceutic^ /intent, especially derma*. b ^ protein is at least about twenty. 
2Si» ^ modular the 20 

According to a fourth feature, the invention also f^^ P ^S±^ 8 ^ ™^ * 
covers a product which is to be bound to the membrane *&f^£l}* e ^ r >u rt A 
ofakera^ocyte bymeaiis ofahgand-receptor^ ^ ^ ^ framework of the present invention, the 
said product being obtained by one of the methods 25 ***** f ^ d £ vcrs * ] substances comprising a 
defined above. The invention also covers the novel ^/atty chain generaUy tanger than 5 
products capable of binding to the membrane of a kerat- Jjf*? » toms ' ^ Stance normally being called a 
inocyte by means of a ligand-receptor bond, said prod- ? A A , . 4 . v . L . t . ,. . 
ucts comprising at least one ligand consisting of an oside ,.' According to the invention, amphiphilic lipids, i.e. 
residue accessible to the membrane receptors, said oside 30 ^ds consisting of molecules possessing either an ionic 
residue being selected from rhamnose, galactose and or a n on-iomc hydrophilic group and a lipophilic group, 
galactose-6-phosphate and preferably a-L-rhamnose used as the lipid for forming the afore-mentioned 
and a-D.galactose-6-phosphate, and coupled to a basic liposome, these amphiphilic lipids being capable of 
structure selected for example from the group consist- forming lipid lamellar phases or liposomes in the pros- 
ing of a submicroscopic particle such as a liposome or a 35 cnce °^ m a< i ueous phase. 

polymeric nanoparticle, a molecule or macromolecule ^ following may be mentioned in particular among 
of natural or synthetic origin, such as a protein, in par- u P ids: phospholipids, phosphoaminolipids, glyco- 
ticular a serum albumin, and a substance of cosmetic or ^P 1 ^ polyethoxylated fatty alcohols and polyetbox- 
pharmaceutical interest, especially dennatological in- y latcd 01 non-polyethoxylated polyol esters. Such sub- 
terest, such as an agent for modulating the metabolism 40 8tances consist for example of an egg or soya lecithin, a 
of the skin cells. According to an advantageous charac- phosphatidylserine, a sphyngomyelin, a cerebroside or 
teristic, this coupling takes place via a spacer arm such an ethoxylated polyglycerol stearate. 
as the residue of a heterobifunctional reagent or a group According to an advantageous characteristic of the 
of several sugars like the (l4)-0-£-D-glucopyranosyl- present invention, as far as liposomes are concerned, the 
(l-6)-O-0-D-glucopyranosyI group. 45 proportion of glycoside derivatives according to the 
According to a fifth feature, the present invention invention, as a molar percentage of all the lipid mole- 
also provides a cosmetic or pharmaceutical composi- cules forming the bilayer of the liposome, is at least 10% 
tion, especially a dennatological composition, which and preferably at least 15% relative to all the amphi- 
contains at least one product such as obtained by the philic lipids of the liposome. 

method described above or such as defined above. 50 It is also preferable, according to the invention, for 

According to an advantageous characteristic of the the liposomes to be formulated so as to have a high 

invention, the afore-mentioned composition is intended nucroviscosity. This can be achieved for example by 

for any care or any treatment affecting the keratino- using amphiphilic lipids whose transition temperature is 

cytes, for example the improvement of skin regenera- above about 37* C. and preferably 41* G, especially 

tion, the treatment of psoriasis or renewed hair growth. 55 phospholipids or saturated fatty acids, for example 

Finally, the invention further relates to a method of mpalmitoylphosphatidylcholine. 
preparing a cosmetic or pharmaceutical composition, It will also be noted that, because of the hydrophilic- 
especially a dennatological composition, wherein at ity of the oside residues, the latter distribute themselves 
least one product such as obtained by one of the meth- on the outside of the lipid bilayer of the liposomes, some 
ods described above, or such as defined above, is associ- 60 of them being orientated towards the inside and the 
ated with a cosmetically or pharmaceutical^ accept- others towards the outside of the liposome. It has more- 
able excipient, vehicle or carrier. Likewise, the inven- over been observed that the smaller the liposomes are, 
tion also covers a method of care or treatment affecting the greater is the number of oside residues orientated 
the keratinocytes, for example with a view to skin re- towards the outside. Thus there is a sufficient number of 
generation, the treatment of psoriasis or renewed hair 65 them to be easily accessible t the keratinocyte recep- 
growth, which comprises applying the product such as tors. It will be understood that this accessibility is even 
btained above by one of the methods described above, better if the oside residues are located at the end of a 
or such as defined above, in a cosmetically or therapeu- spacer arm. 
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According to the invention, another basic product . 50° C. f r 3 h, with stirring. The reaction medium is 

which can be used is a polymeric nanoparticle with then cooled to about 4" C. and centrifuged. 

dimensions generally of less than a micrometer, prefera* The solid btained after washing with distilled water 

bly polymeric nan particles containing NH2 gr ups, is lyophilized to give a rhamnosylated DPPE (DPPE- 

alcohol gr ups or thiol groups permitting easy coupling 5 Rha). 

with the ^oside residue adding t the invention. It * B. Preparation f the Liposomes 

preferable to choose biodegradable nan particles, such H 

as polylactates, which are well known to those skilled in The following are weighed out: 
the art Such particular particles containing NH2 groups 
are commercially available, for example from Interfa* 10 



cial Dynamics Corporation (Portland, Oreg. - USA). jESSSt*****'*"* 

According to an advantageous characteristic of the Dicetyl phosphate (DCP) 9.1 mg 
present invention, the oside residues coupled to the Product .cccnting to the invention - pppE-Rhi 16.7 mg 
surface of said polymeric nanoparticles are selected ' 
from a-p-galactose, o-Lrhamnose and o-D-galactose- 15 ^ ^ afore-mentioned compounds have been 
6-phosphate residues. mixed in a flat-bottomed flask, for example of 100 ml 
Porous nanoparticles can advantageously be used to they m solubilized with a 7/1 chloroform- 
encapsulate the active substances, /methanol mixture in accordance with the rotary flask 
In an advantageous embodiment of the invention, the method described by Bangham in J. Mol. BioL, 13, 
basic products, such as the afore-mentioned liposomes 20 238 _ 252 (1965) . The solvents are then evaporated off at 
or nanoparticles, contain one or more substances of $y Q W)Aet ^ ^ tnca ^ mlveab 
cosmetic or pharmaceutical interest, especially derma- ^ be removed ^ means of tt 8tream 0 f nitrogen on the 
tological mterest, such as an agent for modulating the .. „ ^ formed on ^ wal , of ^ flask . 
metabolism of the skin cells, for example peptides ob- ^ ^ of ^ solution to be encapsulated are 
tamed by the hydrolysis of proteins, and enzymic activ- 23 ^ to ^ Uposomes fonned from ^ af ore . 
ity modulators, for example a xanthine such as theoph- mentioned Bpid ph ^Thh aqueous solution can for 

y .2 e ' ■ . , . ■ • example contain a fluorescent marker consisting for 

The basic product which can be used according to lc of ^ of 5 -(6>carboxyfiuore- 

the invention can also be the actual active substance of ^ at a rate of 7 g p„ 40 ml of distilled water, 
cosmetic or pharmaceutical mterest. especially derma- 30 A n equivalent amount ofc^c^ blue can also be used 
tological mterest. as a fluorescent marker. 

Other objects, characteristics and advantages of the After 10 ml of the above aqueous solution to be en- 
invention wdl become clearly apparent from the follow- , ated fc^e been added, the mixture is stirred mag- 
mg explanatory description with the aid of several Ex- netica]]v for , 5 to 24 h to ^ dark , 
amples of the invention, which are given simply by way 35 ^ fonnation of ^ Bpid ves j cles is observed 
of illustration and cannot therefore in any way limit the mie[ ^ microscope, 
scope of the invention. In the Examples, aU the percent- ^ of ^ flask m 10 a 30 ml 
ages are given by weight, unless indicated otherwise. vesse] m melting ice 

EXAMPLE 1 ACCORDING TO THE INVENTION „ Preferably, the suspension is subjected to sonication 
„ . ^, , 40 for three times 2 min at 4* C and at a power of 200 W, 

Preparation of Liposomes Carrying Rhamnosylated which makes it t0 form liposomes of substan- 

Kesidues tially homogeneous size and of submicroscopic dimen- 

A. Coupling of a-L-rhamnose to a phospholipid sions. 

The coupling between a molecule of dipalmitoyl- 45 „ ^ ^P^o" m wa V te 

phosphatidylethanolamine (DPPE) and a molecule of ? l at * , ' ... . .. ., . 

o-L-Aamnose (Rha) is effected by reacting p- . P referred ^odiment, the liposomes are purified 

phenylisothiocyaMto-a-I^rhamnopyranoside (PPITC- b y *«« ^ted from .the non^ncapsulated aqueous 

a-L-rhamnopyranoside) with the amine group of phasebygelfiltratoon,asBweUlcnownaccordmgW 

DPPE 50 c0nventI0na ' protocol for the purification of hposomes. 

The PPITC-a-L-rhamnopyranoside is prepared from EXAMPLE 2 ACCORDING TO THE INVENTION 
p-aminophenyl-c-L-rhamnoside by reaction with thio- __ .,. _ „. , 

phosgene in accordance with the method described by Pre P aratl0n ° f Liposomes Carrying Rhamnosylated 
C R. McBroom et al. in Methods in Enzymology Residues Via Spacer Anns 

(1972)28,212-222. S3 A. Preparation of Rhamnose Carrying a Spacer Arm 

The commercial DPPE and the PPITC^-L-rham- ^ Mactivated Sligar » 0 f fonnula (I); 

H (I) 
w S-<CH2h-0O-NH-CH2-CHOH-CH2-"NH-OO-CH2-SH 




OH OH 



nopyranoside are dissolved in equimolar proportions, at 
50* C, in a mixture consisting f a bicarbonate buffer 
(0.1 M, pH 9.5) and ethanol. The temperature is kept at 



consisting of an a-L-rhamnopyranosyl residue in which 
the OH gr up located on the fust carbon is substituted 
by a linear chain terminating in an SH group, is pre- 



09/27/2002, EAST Version: 1.03.0002 



5,286,629 

9 10 

pared as indicated below by carrying out the following h The resulting product of formula (I) is used quickly 

successive steps: for grafting on to the liposomes. 

Synthesis of 2,3,4- tri-O-acetyl-a-L-bromorham- _ _ ... ■ 

nopyranoside (2) ®' P^P**** 1011 °* Liposomes Carrying Maleimide 

The derivative (2) is btained according to 5 Groups 

KEMPEN H. J. Ni et ai, J. Med. Chcm. (1984) 27, These liposomes are prepared by a convent! nal 

1306-1312, by reacting phosphorus bromide, PBra, (7 method, for example as in Example 1. The composition 

eq.) and water (50 eq.) with 1,2,3,4-tetra-O-acetyl-ct-L- of .the lipid phase is a mixture of the following com- 

rhamnose (1) in acetic anhydride at 0* C, with stirring. pounds in molar proportions of 10£:7: 

The product (2) is recrystallized from a diisopropyl 10 m'palmhoylphosphatidylcholine (DPPC) 

ether/hexane mixture. N-[4^p-maleimidophenyl)butyryl]dipalmitoytphos- 

Synthesis of 2-S-{2,3,4-tri-0-acetyl-a-L-rham- phatidylethanolaznine (MPB-DPPE) 

nopyranosyl>-2-trik>pseudourea hydrobromide (3) cholesterol (chol) 

The derivative (3) is obtained according to CHI- MPB-DPPE is a phospholipid carrying a maleimide 

POWSKY S. et al„ Carbohyd. Res. (1973) 31, 339-346, 15 group, prepared in accordance with the method de- 

by refluxing a mixture of equimolecular proportions of scribed by Martin F. J. and Papahadjopoulos D., J. Biol, 

the derivative (2) and thiourea in anhydrous acetone Chem. (1982) 237, 286-288, by reacting dipalmitoyl- 

under argon for 3 h. The product (3) is recrystallized phosphatidylethimolamine with succiiuinidyl 4-p- 

from isopropanoL ir^eimidophenyl)butyrate (SMPB). 

Synthesis of H2K»rboxyethyl)thio-2,3,4-tri-0-acet- ^ 

yl-a-L-rhamnopyranoside (4) c - Preparation of Rhamnosylated Liposomes 

The product (4) is obtained by reacting equimolecu- The method described by Martin F. J. and Papahad- 

lar proportions of the derivative (3) and 3-iodopro- jopoulos D. (reference cited above) is followed, 

pionic acid in solution in a 1:1 water/acetone mixture in Thus 6 u-mol of the compound of formula (I) pre- 

the presence of 1.15 eq. of Na 2 C0 3 and 2 eq. of Na 2 S- pared in step A are added to 0.67 ml of an aqueous 

2O5. The reaction is followed by TLC Csolvent: AcOEt- suspension of the liposomes prepared in step B, buffered 

/AcOH/H 2 0 8:2:1). topH6.5. 

Synthesis of l-(2<arboxyethyl)thio-a-L-rham- The mixture is placed under an argon atmosphere for 
nopyranoside (5) 30 12 h at ordinary temperature, with gentle stirring 

The derivative (5) is obtained by deacylating (4) in ^ Mo \ of ^ compound of formula (I) then 

the presence of 4 eq. of triethylainine and 3 eq. of water binds to ^ do uble bond of the maleimide group by 

in methanol. The reaction is followed by TLC (solvent: mcans 0 f an addition reaction. 

AcOEt/AcOH/HiO 8:2:1); it is complete after 6 days. This gives liposomes containing, on the surface, 

The deacetylation product is isolated from the reaction 35 rha mnosylated residues located at the end of a chain of 

JSSfSU y PM " 8C ° VCr a D ° WCX 1X2 COlumn atoms ( 8 P accr a™) corresponding to the chain of the 

(HCOO-). compound of formula (I). 

Synthesis of l-(2-(3-ammo-2-hydroxy- 

propylamkocarbonyl)ethyl)truo-a-I>rharnnopyran6- EXAMPLE 3 ACCORDING TO THE INVENTION 
side hydrochloride (6) 40 Preparation of Liposomes Carrying Rhamnosylated 

°- 5 , g ,l (5) ' (1 n \^f am ^ Residues Via Spacer Arms 
pan-2-ol (9 mmol) are dissolved in 20 ml of water. The 

pH of the solution is adjusted to 5.5 (HQ) and 1.1 g of 'T" e composition of the lipid phase is a mixture of the 

l^yl^3<limethylainmopropyl)carbodiimide (5.4 following compounds in molar proportions of 4:4:1:1: 

mmol) are then added. The reaction is allowed to pro- 45 Dipalmitoylphosphatidylcholine (DPPC) 

ceed for 24 h at room temperature, with stirring. The Cholesterol (chol) 

product (6) is isolated from the reaction medium by Dicetyl phosphate (DCP) 

passage over Dowex 50X2 (Na+) (eluents: 6.33 NHC1 Asiaticoside (C.A.) 

to detach the monoamines and 2 N HC1 to detach the The asiaticoside is extracted from the plant Centella 

diamines). The product (6) is finally obtained. 50 available for example from Inverni della Befifa, 

Synthesis of the amide formed between the com- and has the formula [(Q^-L-rhamnopyranosyH M>0- 

pound (6) and S-acetylthioglycolic acid, (7) )3.p.gIucopyranosyKl^)]-0-^D-gluc<)pyranose L- 

The product (7) is obtained by reacting equimolecu- asiatate (MW=959 g). 

lar proportions of the derivative (6) and succinimidyl The constituents of the above lipid phase are dis- 
S-acetylthioacetate (SATA, synthesized according to 55 wived at a concerittation of about 10% in a mixture of 

Ducan et al., Anal. Biochexn. (1983) 132, 68-73) in the methylene chloride and methanol (80:20 by volume), 

presence of triethylamine (1 eq.) in anhydrous dimethyl- The organic solution is atomized at about 60* C. in 

formamide. The product (7) obtained , is used in the accordance with the method described in European 

following operations without particular purification. patent document Bl-0 087 993 to give a powder. 

Deprotection of the thiol group of the compound (7): 60 This powder is then dispersed by stirring in the aque- 

synthesis of the derivative of formula (I) ous solution to be encapsulated, at a rate of 1 part of 

A thiol group is generated on the product (7) (1 eq.), powder to 100 parts of aqueous solution. This solution 

under argon, with the aid of a large excess of hydroxy- can for example contain a fluorescent marker such as 

lamine (50 eq.) in a 0.15 M aqueous solution of EDTA, 5-(6)-carboxyfluorescein, as in Example 1. 
pH =7.5, The reaction is f 11 wed by spectrophotomet- 65 A suspension f liposomes is thus formed which is 

ric determination fthethi Is using Ellman's reagent in preferably hom genized, f r example by means f a 

accordance with the method of P. W. RIDDLES et al., homogenizer under pressure, as described in European 

Anal. Biochem. (1978) 94, 75-81. It is complete after 1 patent document Bl-0 107 559. 
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by spacer arms consisting f the (M)-0-J3-D- Preparation of a Neoglycoprotein Carrying 

glucopyranosyK 1 -6)-0-)3-D-glucopyranosyl residue. Galaciose-6-phosphate Residues 

EXAMPLE 4 ACCORDING TO THE INVENTION 5 In a first step, p-amiiiophenyl-6-phospho-a-D-galac- 

topyranoside is prepared from commercial p-nitrophe- 

Preparation of Liposomes Carrying Galactosylated nyl^.D-galactoside, in accordance with the method 

Residues on the Surface described by G. N. SANDO and E. M. KARSON in 

The procedure of Example 1 is followed except that , 0 Biochemistry (1980) vol. 19, No. 16, pages 3850-3855, 

digalactosyldiglyceride extracted from wheat flour, by phosphorylation with phosphoryl chloride followed 

available for example from Sigma and containing two by hydrogenation. 

galactosylated residues at the end of the molecule, is In a second step, PPITC-6-phospho-a-D-galac- 

used in place of the product according to the invention topyranoside (PPITC-G) is prepared in accordance 

used in Example 1. 15 with the method of Example 1 by reacting thiophosgene 

EXAMPLE 5 ACCORDING TO THE INVENTION ^ m ^y?K albu- 

Preparation of Fluorescent Nanoparticles Containing min (BSA) are allowed to incubate in the presence of 62 

Rhamnosylated Residues on the Surface mg of PPITC-G, prepared in the previous step, by fol- 

eter of about 0.5 urn consisting mainly of polystyrene g ^ ctoside residu ^ 

and possessing NH3+ groups on the surface, are com- e 

mercially available. Such nanoparticles are available for COMPARATIVE EXAMPLE 8 

example from Interfacial Dynamics Corporation _ . - ~. 

(I.D.C, Portland, Ore., USA). 25 Preparation of Liposomes Carrying Glucosylated 

It is therefore possible, by operating in accordance Residues on the Surface 

with step A of Example 1, to couple rhamnosylated In this Example, the procedure of Example 1 is fol- 

residues to these nanoparticles. lowed except that a molecule of natural origin already 

This is done by reacting 0.6 g of these beads with 9 carrying a glucosyl residue, which consists of the 
umol of a?L-rhamnopyranoside phenylisothiocyanate 30 sericoside extracted from the roots of Terminalia sen- 

in 5 ml of bicarbonate buffer at pH 9.5 for 5 h at 4* G, ceo, available for example from Inverni Delia Beffa, is 

with gentle stirring. used in place of the DPPE-Rha. 

The beads are subsequently collected and then rinsed _ v A .... _ n 

twice with PBS. EXAMPLE 9 

This gives nanoparticles containing rhamnosylated 35 Determination of the Specificity of the Products 

residues on the surface. According to the Invention Towards the Membranes of 



EXAMPLE 6 ACCORDING TO THE INVENTION 



Keratinocytes 



. . » T , . - . The specificity of the products according to the in- 
Preparation of a Neoglycoprotein Carrying vention, carrying oside ligands, towards the membrane 
Rhamnosylated Residues of keratinocyt es could be determined by using fluores- 
A protein, for example bovine serum albumin, BSA, cent neoglycoproteins synthesized by the inventors, the 
is used in the present case; about twenty units of rhanv endocytosis of which can be observed by various tech- 
nose are coupled to said protein to give a neoglyco- niques. It should be noted that the endocytosis is the 
protein. 45 greater, the more the binding at the cell membrane is 
This neoglycoprotein, called rhamnosylated BSA, is specific, so that observation of the endocytosis indi- 
obtained by a method based on that described by MacB- rectly measures the specificity of the binding of the 
room et al. in Methods in Enzymology (1972) 28, products according to the invention. These various 
212-222. techniques include: 

This method comprises dissolving 250 mg (about 1 so a) fluorescence microscopy, which permits qualita- 

mmol) of PPITC-a-L-rhamnopyranoside, prepared as tive cytochemical visualization of the fluorescent deriv- 

indicated in Example 1, in 2 ml of a 0.15 M aqueous atives; and 

solution of NaCl and adding 300 g of BSA. The pH is b) cytofluorimetry of the suspended cells, which 

adjusted to 9.0 with NaOH (1 N). After 6 h at room makes it possible, by virtue of a cell-by-cell analysis, to 

temperature, with stirring, the reaction mixture is dia- 55 specify the distribution of the fluorescent molecules 

lyzed for 16 h at 4* C. against 2 1 of 0.15 M NaCl of pH within the cell population as a whole. Moreover, this 

7.0. The rhamnosylated BSA is purified further by pas- technique opens up the possibility of a simultaneous 

sage over a Sephadex G25 column (10 ml of gel presatu- analysis of various parameters (size, cell shape, double 

rated with BSA oh a column of 0.5x20 cm). The ab- labeling with monoclonal antibodies or study of the cell 

scnce of any contamination by free rhamnose residues is 60 cycle with the aid of markers specific for DNA or 

verified by thin layer chromatography, where the RNA). 

rhamnosylated BSA does not migrate whereas the Each of these methods is described in detail below 

rhamnosylated reagent would have an Rf of 0.32 (l/l following an explanation of the cell cultures used. 

chlorofonn/MeOH). Quantitative analysis of the prote- The cells used are normal human fibroblasts (F26) 

ins in conjunction with quantitative analysis of the sug- 65 and tumoral human keratinocytes (HSC). 

ars makes it possible to determine a grafting ratio of 10 The culture media are obtained from EUROBIO and 

to 30 rhamnose residues per BSA m lecule, depending are as follows: 

on the preparation in question. for the fibr blasts: 
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Eagle's minimum essential medium (MEM), which is 
well kn wn to those skilled in the art, 
for the keratinocytes: 

a Ham F12 medium to which a Dulbecco modified 
Eagle's minimum essential medium (DMEM) has been 
added, said media also being well kn wn to those skilled 
in the art 

These media are complemented with fetal calf serum 
(10%), penicillin-streptomycin (100,000 IU/1 and 0.1 
g/1) and mycostatin (100,000 IU/1). 

The culture conditions are as follows: 

For the study by fluorescence microscopy 

The keratinocytes are cultivated on glass slides, 
which serve as the support 

This is done by placing a slide at the bottom of each 
well in a 24-well culture plate of the Linbro type (diam- 
eter 14 mm). 

Culture: 

20,000 cells/well 
volume 200 jtl/well 
incubation: 
temperature 32* C. 
humidity 96% 
C02level5% 

culture time: 5 days to attain cell confluence 
For the study by flux cytometry 
The culture is prepared in Petri dishes of diameter 60 
mm (CORNING). 
Culture: 

200,000 cells/dish 
volume 2 ml/dish 
incubation: 
temperature 37* C. 
humidity 96% 
CO2 level 5% 

culture time: 7 to 12 days to attain cell confluence 
A. Fluorescence Microscopy 

The cells can be studied in situ by fluorescence mi- 
croscopy. It is possible to locate those parts of the cell 40 
where the fluorescent compounds bind preferentially. 

The substances tested are neoglycoproteins synthe- 
sized from BSA by reaction with a glycosidop- 
phenylisothiocyanate in accordance with Example 6 or, 

where appropriate, Example 7 if it is desired to obtain a 45 considerably lesser extent, galactose. 



latter has a maximum excitation wavelength Xcc=490 
nm and a maximum emission wavelength at 517 nm. 

A Zeiss® microscope equipped for "epifluores- 
cence" is used in the present case. Excitation is pro- 
duced by light whose wavelength is selected by a filter. 
Likewise, a second filter only transmits the emitted light 
at wavelengths of between 520 and 560 nm. 

The cells, cultivated on slides, are labeled with a 
nebglycoprotein in the following manner. The medium 
in the keratinocyte culture dishes is replaced with a 
solution of neoglycoprotein in PBS at a concentration 
of 1 mg/ml. Incubation is allowed to proceed for 2 h at 
32" C. The product is then rinsed in culture with PBS at 
4° C. and fixed with paraformaldehyde. A similar pro- 
cedure is followed with fluorescent BSA as a standard 
substance. 

With a second batch of dishes, incubation is carried 
out for 11 h at 32* C, monensin is then added to the 
medium at a rate of 1 fig/ml and incubation is continued 
20 for 30 min at 4* G» the purpose of this operation being 
to raise the intracellular pH so as to increase the sensi- 
tivity of the flubrixnetric measurement. 

With a third batch of dishes, after incubation at 32* C. 
for 2 h and fixing with paraformaldehyde, the plastic 
membrane is rendered permeable with a detergent such 
as Nonidet P40®, available from SIGMA. Rendering 
the membrane permeable in this way makes it possible 
to facilitate access of the internal membranes to the 
fluorescent products, enabling sugar receptors to be 
detected inside the cell 

Observation makes it possible to locate the fluores- 
cence emitted in the different parts of the cell: 
V m fr: vesicles at the membranes 
V c : vesicles in the cytoplasm 
M&: external membrane 
R: network in the cytoplasm 
N: nucleus 

PN: points around the nucleus 
The results of these observations are collated in Table 
1 below for neoglycoproteins which differ from one 
another by the nature of the oside residues they carry. 

It is very clearly apparent that the fluorescence is 
intense, or even very intense, at the cell membrane in 
the case of rhamnose, galactose-6-phosphate and, to a 



25 



30 



35 



phosphated sugar. These neoglycoproteins are then 
rendered fluorescent by reaction with fluorescein p- 
phenylisothipcyanate. 
These molecules will be detected by fluorescence 



analysis of the fluorescein in the knowledge that the 50 6-phosphate. 



This study clearly shows the existence of a specific 
affinity of keratinocyte membrane receptors for rham- 
nose, galactose and galactose-6-phosphate residues and 
more particularly for a-L-rhamnose and a-D-galactose- 



TABLE 1 . 

Fluorescence intensity of keratinocytes labeled with fluorescent neoglycoproteins 
Fluorescent CeUs rendered permeable (2 h) 
neoglycoprotein 32* C (2 h) 32' C (2 h) + monensin with Nonidet P40 ® 

FBSA (standard) — — • _ 

FBSAGlc o 
FBSA 01c Nac $ 
FBSA Gal a 
FBSA Fuc a . 
FBSAUcl 
FBSA Man a 
FBSA Man 6P a 
FBSA Rha a 



Ve* 



vyt-r 

V" V mfr + M*+ 

v f + 

V f +++V mA + + +M 6 + 



N++FN++R+ 
N+ + PN++ R+ 
N++PN++R*M6 + 

N* PN+ 
PN+ 

N* FN+ + + 
N+++ PN++ M*R+ + 
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TABLE 1-continued 

Fluorescence intensity of keratinocytes labeled with flnorescent neoglycoproldns 
Fluorescent Cells rendered permeable (2 h) 
ncoglycoprotein 32* C. (2 h) 32* C. (2 h) + moocnsin with Nonidel F40 ® 

FBSA Gal 6P o V tf + + V w a++ + M fr ± V c + + + V w ft+ + + + PN++ MfcR++ 

8 intensity: 




Gle Nic: N-acetyl-D-glu 
Oal: a-D-gtlinnv~ 
FBSA: ftoofesoeat bovine lenm ifoi 
Fuc: a-I^fucote 
Lac;0-lactow 
Mm: a-D-mmnrae 
Mas 6P; a>D«itttiMie^i)hofphaie 
Rha: a^rbmansc 
Oil 6P: o-D.gihrtmr-6-phoiphne 



B. Technique Using Flux Cytofluorimetry (FCM) 20 

1. Principle 

When the cells, cultivated in Petri dishes of diameter 
60 mm, have attained confluence, they are brought into 
contact with the products according to the invention 25 
which contain at least one osidc ligand. For example, in 
a particularly advantageous embodiment of the inven- 
tion, these products according to the invention which 
carry oside ligands are incorporated into the lipid phase 
of liposomes and end up on the surface of the liposomes 30 
with the oside ligands freely accessible from the outside. 

To perform this study, it is necessary to encapsulate a 
fluorescent substance in the liposomes. It is preferable 
to use the potassium salt of 5-(6)-carboxyfluorescein 
[5-(6)-CF], 35 

In this technique, the endocytosis of the different 
types of liposomes is compared by measurement of the 
5-(6)-CF incorporated in each cell. 

It is necessary to avoid using an excessive concentra- 
tion of 5-(6)-CF in this technique since this could induce 40 
extinction of the fluorescence. 

2. Composition of the liposomes prepared as de- 
scribed in Example 1 



*'Bare*' liposome (without sugar) T 
Composition DPPC/DCP/choJ 

5/1/4 in mol 
Concentrations 100 mg/10 ml — ► 1% 

Liposome PE-Rha (rhamnose model) 
(= Example I of the invention) 
Composition PE-Rha/DPPC/DCP/chol 

IA/1/4 In mol 
Concentrations 100 mg/10 ml — 1% 

Liposome asiaticoside (glocose-glucose-rhamnose) 

(= Example 3 of the invention) 

Composition CATDPPC/DCP/chol 

1/4/1/4 in mol 
Concentrations 100 mg/10 ml — » 1% 

Liposome acricoridc (glucose) (a Comparative F«mpi» 
Composition SER/DPPC/DCP/chol 

1/4/1/4 in mol 
Concentrations 100 mg/10 ml -+ 1% 

The encapsulated fluorescent compound 
5-(.6yCF 30 mM in PBS 



3. Method 

Each liposome suspension, purified on a column, is 65 
diluted 2-fold in culture medium. 

2 ml of liposome suspension are distributed into each 
dish (60 mm). 



The blank is prepared with culture medium. 
The Petri dishes are placed in an oven (37* C.) for 1 
h 30 rain. 

The dishes are rinsed twice with 5 ml of PBS. 
The cells are detached from the plastic support: 
for the fibroblasts; 0.25% trypsin 
for the keratinocytes: 0.25% trypsin +0.02% EDTA 
The cells are recovered and centrifuged at 1 500 rpm 
(JOUAN E 96 centrifuge) at 4 s C. 

The supernatant is discarded and the cell residue is 
resuspended in 50 ul of propidium iodide (P.I.) at a final 
concentration of 50 jig/ml in PBS (viability test). 

The suspension is filtered on bolting cloth (pore di- 
ameter: 60 n-m) to remove the aggregates. 
The cells are then kept in ice until analyzed. 

4. Measurements 

The measurements are made with a flux cytofluorim- 
eter (EPICS Profile Coultronics) using an excitation 
wavelength Ac^of 488 nm. The emission wavelengths 
(Ktm) are as follows: 

Km (5-<6>-CF)=520 nm (green) 

X €m (P.I.)=620nm(red) 

A first two-parameter histogram, cell size=f(cell 
density), makes it possible to determine the cell popula- 
tion (A). 

This population will be analyzed by red fluorescence 
(B). Only the non-fluorescent (living) cells will be con- 
sidered for analysis by green fluorescence (C). 

Analysis of the cells by green fluorescence will make 
it possible to assess the incorporation of the different 
liposomes labeled with 5-(6>CF (C), (cf. FIG. 1). 

(cf. FIG. 1: THE DIFFERENT HISTOGRAMS 
permitting analysis of the cell population by FCM ac- 
cording to the proposed protocol 

A: granulosity =f(size)-KSolation of the population 
to be analyzed (window 1) 

B: number of cells =f(red fluorescence)— ►viability 
test The analysis will only be performed for the living 
cells (window 2). 

C: number of cells =f(green fluorescence)— ^analysis 
of the 5-(6)-CF incorporated in the cells) 

The intrinsic fluorescence of the cells (blank) will be 
subtracted from each sample. 



SO 



55 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A sb ws granulosity «fl[sizc)-KSoIation of the 
population t be analyzed 

FIG. IB shows number of cells=fl(red flu rescen- 
ce}-*viability test. 

FIG. 1C shows number of cells =f(green fluorescen- 
oe)-*anaIysis of the 5-(6)-CF incorporated in the cells. 

FIG. 2 shows the single-parameter histograms ob- 
tained by this flux cytometry (FCM) technique, show- 
ing the incorporation of the contents of the liposomes 
into the keratinocytes (number of cells =f (incorporated 
5-<6>CF); cell type: keratinocytes; number analyzed: 
7000 cells, after interaction with different liposomes 
encapsulating 5-(6>CF; incubation: 1 h 30 min). 

FIG. 3 shows incorporation of lipsomes into fibro- 
blasts. 

The following Table 2 is obtained: 
TABLE 2 





xciatuft to FIG. 2 






Avenge fluorescence 


Ratio to the itudird 


Liposomes 


(A.U.) 


Test/standard 


Standard 


28.3 


1 


SER 


28.9 


1.0 


PE*Rha 


39.1 


1-4 


C.A. 


47.1 


1.7 



10 



15 



20 



25 



40 



A.U.: arbitrary unit 

It is seen from Table 2 and FIG. 2 that the liposomes 30 
carrying rhamnose, referred to as PE-Rha, undergo 
endocytosis more rapidly than the liposomes possessing 
glucose of the sericoside molecule, referred to as SER. 
Furthermore, the endocytosis of the liposomes contain- 
ing the asiaticoside, referred to as C.A., is more substan- 35 
tial than that of PE-Rha. 

It is observed that the structures of the asiaticoside 
and DPPE-Rha molecules are very different and that 
the only point common to both is the presence of rham- 
nose at the end of the chain. 

This demonstrates that it is this sugar (ligand) which 
is responsible for the increase in the incorporation of the 
liposomes into the keratinocytes by endocytosis. It will 
also be observed that the liposome containing the 
asiaticoside on its surface (C.A.) undergoes endocytosis 43 
more rapidly, doubtless due to the presence of the 
glucosylglucose spacer arm, which makes it more ac- 
cessible to its keratinocyte membrane receptor than 
PE-Rha. 

Turning to the incorporation of these liposomes into 
fibroblasts, the fibroblasts are cultivated as described 
above. This gives the single-parameter histograms of 
FIG. 3 (number of cells -=f (incorporated 5-(6>CF); cell 
type: fibroblasts; number analyzed: 5000 cells, after 55 
interaction with different liposomes encapsulating 5<6> 
CF; incubation: 1 h 30 min) and the following Table 3: 



It can be seen that, as regards fibroblasts, no liposome 
seems to undergo endocytosis more readily than the 
standard liposome. 

It can be concluded from the above fluorescence 
analyses that the liposomes which have in their mem- 
brane composition m lecules containing a rhamnose, 
galactose or galactose-6-phosphate ligand are better 
incorporated into keratinocytes by endocytosis. In addi- 
tion, it is observed that a-L-rhamnose and a-D-galac- 
tose-6-phosphate have an appreciably greater specific- 
ity for the keratinocyte membrane receptors than a-D- 
galactose. 

On the other hand, fibroblasts are indifferent to these 
molecules and to the structure of the glucose carried by 
the sericoside. It must therefore be concluded from this 
that products according to the invention which contain 
at least one oside residue consisting of rhamnose, galac- 
tose or galactose-6-phosphate, and more particularly 
a-L-rhamnose and a-D-galactose-6-phosphate, can be 
bound specifically to the surface of the membranes of 
keratinocytes. 

Various Examples of cosmetic or pharmaceutical 
compositions, especially dermatologies! compositions, 
incorporating products according to the invention will 
now be given. 

EXAMPLE 10 

Cosmetic Anti-Wrinkle Cream 

The cream is obtained by mixing ah emulsion and a 
gelled suspension of liposomes having the following 
compositions: 



emulsion: 




perhydrosqualcne 


39.2 e 


soya lecithin 


0.8 g 


distilled water ad 


220.0 g 


aelled suspension of liposomes: 




dipalmitoylpbosphatidylcholine (DPPC) 


0.49 g 


cholesterol (chol) 


0.26 g 


dicetyl phosphate (DCP) 


0.09 g 


rhamnosylatcd DPPE (Example 1) 


0.16 g 


elastin polypeptides 


as g 


calf thymus hydrolyiate 


0.1 g. 


Caibopol 940 ® 


1.0 g 


triethinol amine 


1.0 g - 


distilled water, perfumes and 


100.0 g 


preservatives ad 





so 



TABLE 3 





relating to FIG, 3 • Fibroblasts . 




Average fluorescence 


Ratio to the standard 


Liposomes 


(A.U.) 


Teat/standard 


Standard 


K4 


1 


SER 


37.0 


i.i 


PE-Rha 


. 22.0 


0.6 


CA. 


32.6 


0,9 



60 



65 



A.U: 



unit 



A mixture of perhydrosqualene (39.2 g) and soya 
lecithin (0.8 g) is heated in a water bath at 70* C. for IS 
min. The oily phase obtained is taken up with 1 80 ml of 
distilled water and then emulsified by means of a Rayn- 
erie agitator. 

In a separate operation, a gelled suspension of lipo- 
somes is prepared in the following manner. The lipo- 
somes are prepared as indicated in Example 1. The 
constituents of the lipid phase (DPPC, chol, DCP, 
DPPE-rhamnose) are dissolved in a 7:1 chloroform- 
/methanol mixture. The resulting organic solution is 
evaporated under reduced pressure and the lipid residue 
is then taken up with 49 g of an aqueous solution con- 
taining the substances to be encapsulated (elastin poly- 
peptides and calf thymus hydrolyiate prepared for ex- 
ample by the method described in French patent docu- 
ment A 1-2 $94 847). Alter sonication, a homogenized 
suspension f liposomes is thus obtained. Finally, this 
suspension is gelled by the addition of 50 g of 2% Car- 
bopol 940® gel neutralized with triethanolamine, 
which has been prepared in c nvehtional manner. 
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This cream is applied daily to the skin of the face and 
neck. 

EXAMPLE 11 
Loti n for Treating Psoriasis 



Composition: 




Kpalnritoylphosphatidylcholiiie (DFPC) 


" 8 


cboloterol (chol) 


I 16 g 


dicetyl phosphite (DC?) 


0.4] g 


ttiltlcoside (C.A.) 


a?3 B 


theophylline 


100 g 


preservative 


0,10 g 


aqueous exripient gelled with 


10000 g 


Carbopol 940 ® (at 0.1%) 





10 
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A lipid powder is prepared according to Example 3 
by atomizing a solution in an 8:2 methylene chloride/- 
methanol mixture containing the lipid or hydrophobic 

constituents (DPPC, chol, DCP, CA.) and 0.5 g of 20 801116 or a P° lvmeric nanoparticle. 



3. The method defined in claim 1 wherein said oside 
residue is alpha-D-galactose-6-phosphate. 

4. The method according to claim 1 wherein the 
ligand is coupled to the surface of said product by a 
covalent chemical bond. 

5. The method according to claim 1 wherein said 
ligand is coupled t the surface of said product via a 
spacer arm. 

6. The method according to claim 5 wherein said 
spacer arm is the residue of a heterobifunctional rea- 
gent 

7. The method defined in claim 5 wherein the spacer 
arm is a combination of several sugars. 

8. The method according to claim 7 wherein said 
group of several sugars is the (M)-0-/J-D-glucopyrano- 
syl-( 1 -€>0-/3-^-D-glucopyranosy 1 group. 

9. The method according to claim 5 wherein said 
product is a submicroscopic particle comprising a lipo- 



theophylline. 

This powder is then dispersed, by agitation, in 50 ml 
of an aqueous solution containing 0.5 g of theophylline 
and the dispersion is then homogenized with ultrasound 
by the method known to those skilled in the art. 

This gives a suspension of liposomes encapsulating 
theophylline and containing rhamnosyl residues on the 
surface. Finally, this suspension is mixed with about 45 
g of stabilized carbomer gel prepared in conventional 
manner. 

The resulting lotion can be applied locally for the 
treatment of psoriasis, twice a day, until the lesions 
disappear. 

EXAMPLE 12 
Hair lotion 



Composition: 

soya phospholipids (SP) 2.5 g 

cholesterol (chol) 12 g 

dicetyl phosphate (DCP) 0.5 g 

asUticoside (CA.) 0.8 g 

placental extract 5 JO g 

sodium pantothenate 0.1 g 

preservative 0.1 g 

aqueous excipient gelled with 100.0 g 
Carbopol 940 ® (atO.1%) ad 



50 



The procedure of Example 11 is followed except that 
the lipid powder does not contain theophylline. 

This powder is dispersed in 50 ml of an aqueous solu- 
tion containing 5 g of placental extract and 0.1 g of 
sodium pantothenate and the dispersion is then gelled 
with a sufficient amount of stabilized carbomer gel to 
give a final weight of 100 g of lotion. 

When applied daily to the scalp, this lotion improves 
the state of health of the hair roots and stimulates hair 
growth. 

What is claimed is: 

1. A method of binding a product to the membrane of 60 oside residue is a-L-rhamnose. 
a keratin ocyte by means of a ligand-receptor bond, ~ ~ 
which comprises using a product comprising at least 
one ligand consisting of an oside residue accessible to 
the membrane receptors, said oside residue being se- 
lected from rhamnose, galactose and galactose-6-phos- 65 
phate. 

2. The method defined in claim 1 wherein said oside 
residue is alpha-L-rhamnose. 



10. The method according to claim 1 wherein said 
product is a molecule or macromolecule of natural or 
synthetic origin. 

11. The method according to claim 10 wherein said 
25 molecule or macromolecule is an asiaticoside, a digalac* 

tosyldiglyceride or a neoglyooprotein. 

12. The method according to claim 11, wherein said 
neoglyooprotein is obtained by combining a serum albu- 
min with a sugar selected from the group consisting of 

30 rhamnose, galactose and galactose-6-phosphate. 

13. The method according to claim 1 wherein the 
product is or contains a substance of cosmetic pharma- 
ceutical or dermatdlogical interest. 

14. The method of claim 13 wherein said substance 
35 comprises an agent for modulating the metabolism of 

skin cells. 

15. The method according to claim 1 of selecting a 
product which is to be bound to the membrane of a 
keratinocyte by means of a ligand-receptor bond, which 

40 comprises isolating from a group of products compris- 
ing at least one ligand consisting of an oside residue 
accessible to the membrane receptors, said oside residue 
being selected from rhamnose, galactose and galactose- 
6-phosphate. 

16. The method of claim 15 wherein said oside resi- 
due is a-L-rhamnose. 

17. The method of claim 15 wherein said oside resi- 
due is a-D-galactose*6*phosphate. 

18. The method of claim 15 wherein said product is a 
molecule or macro-molecule of an asiaticoside. 

19. A method of preparing a product which is to be 
bound to the membrane of a keratinocyte by means of a 
ligand-receptor bond, which comprises coupling to said 

55 product at least one ligand consisting of an oside residue 
accessible to the membrane receptors, said oside residue 
being selected from rhamnose, galactose or galactose- 6- 
phosphate. 

20. The method according to claim 19 wherein said 



45 



21. The method according to claim 19 wherein said 
oside residue is a-D-galactose-6-phosphate. 

22. The method according to claim 19 wherein said 
ligand is coupled to the surface of said basic structure 
by a covalent chemical bond. 

23. The method according to claim 19 wherein said 
ligand is coupled to the surface of said product via a 
spacer arm. 
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24. The method according t claim 23 wherein said 41. The product according t claim 36 wherein said 
spacer arm is the residue f a hctcrobifunctional rea- . macromolecule f natural rigjnal is a protein. 

gent 42. The product according t claim 41 wherein said 

25. The method according to claim 23 wherein said protein is serum albumin. 

spacer arm is a group comprising several sugars. 5 43. A product according t claim 41 wherein the 

26. The methc* accordmg to °* ^ b * a P rotcin * at 
group of several sugars is (l-4VO-/3-D-glucopyranosyl- least about 20. 

O^W-D-glucopl^yl £up. ^-.^ P«*«-*lin«l » claim 36 wherein said 

27. The me^accordkgto claim 19 wherein said tft ch «^/«^ comprises couphng said hgand to the 
*' * wi*muu wu»«u mi 1Q surfacc D f said compound by means of a covalent chem- 

product is a submicroscopic particle compnsmg a lipo- 

tome or a polymeric nanoparticle. 45. The product according to claim 44 wherein said 

28. The method according to claim 27 wherein the couph^ is effected via a sijacer arm. 

proportion of oside residues, as a molar percentage of 4* The product according to claim 45 wherein said 
all the lipid molecules forming the bilayer of the lipo- 15 spacer arm is a residue of a heterobifunctional reagent, 
some, is at least 10% relative to all the amphiphilic 47, The product according to claim 45 wherein said 
lipids. spacer arm is a group of several sugars. 

29. The method according to claim 28 wherein the 48. The product according to claim 47 wherein said 
proportion of oside residues, as a molar percentage of ■ group of sugars is the (l-4)-0-^9-D-glucopyranosyl-(l- 
all the lipid molecules forming the bilayer of the lipo- 20 6>0-/ND-glucopyrahbsyl group. 

some, is at least 15% relative to all the amphiphilic 49. The product defined in claim 44 wherein said 
lipids. substance is an agent for modulating the metabolism of 

30. The method according to claim 28 wherein said *kin cells. 

liposomes are formulated so as to have a high microvis- 50. The product according to claim 36 which is se- 
cosity. 25 lected from the group consisting of an asiaticoside ex- 

31. The method according to claim 19 wherein said tracted from the plant Centella asiatica, a digalactosyldi- 
product used is a molecule or macromolecule of natural rfycerkte and a neoglycoprotein obtained by combining 
or synthetic origin. senim albumin with a-L-rhamnosyl or a-D-galactose-6- 

32. The method according to claim 31 wherein said „ phosphate. _ 

product is a protein. > 30 ■ . 5 f • A composition, suitable for cosmetic, pharmaceu- 

x% Thm mmihnA o^rH^nrr *? c 0 ;h tcal or dennatological uses, which contains at least one 

33. The method according to claim 32 wherein said ^ M dcfijlc f b claim ^ 

proteir^aser^albunun. 52. The composition according to claim 51 which is 

34. The method according to claim 19 wherein said mtended f QItTe&XraenX affecting keratinocytes. suitable 
product contains a substance of cosmetic, pharmaceuti- 33 for thc improvement of skin regeneration, the treatment 
cal or dennatological interest, comprising an agent for 0 f psoriasis or renewed hair growth. 

modulating the metabolism of the skin cells. 53. a method of preparing a composition having, 

35. The method according to claim 34 wherein said cosmetic, pharmaceutical or dennatological uses, 
product is a substance of cosmetic, pharmaceutical or wherein at least one product as defined in claim 36, is 
dennatological interest, comprising an agent for modu- 40 associated with a cosmetically or pharmaceutically 
lating the metabolism of skin cells. acceptable excipient, vehicle or carrier. 

36. A product which is the chemical reaction product 54. A method of skin care using a treatment affecting 
of at least one hgand consisting of an oside residue, said the keratinocytes, comprising applying a product con- 
oside residue being selected from rhamnose, galactose sisting of at least one ligand consisting of an oside resi- 
and galactose-6 phosphate, and a compound consisting due accessible to membrane receptors, said oside resi- 
of a submicroscopic particle, a natural molecule, a natu- due heih£ selected from rhamnose, galactose and galac- 
ral macromolecule, a molecule of synthetic origin, a, a tose-6-phosphate, alpha-L-rhamnose and alpha-D- 
substance having cosmetic applications, a substance galactose-6-phosphate, in a cosmetically or therapeuti- 
having pharmaceutical applications and a substance _ caUy effective amount 

having dennatological apphcations. 30 . 

37. The product according to claim 36 wherein said ^?2a bate ^ rhanmose ^..^^H^ 
^Mc^p^p^cUisu^me. w dcfincdin daim M whcrcm ^ 

38. The product according to claim 37 wherem said fa m ^ a ^ or pharmaccu „ 
hposome carries c-L-rhamnosyl or a-P^galactosyl-6- 55 ticill acceptable vehicle, carrier or excipient. 
phosphate residues on the surface. 57. The method of skin care defined in claim 54 

39. The product according to claim 36 wherein said which is suitable for akin regeneration, 
submicroscopic particle is a polymeric nanoparticle. 5$. The method of skin care defined in claim 54 

40. The product according to claim 39 wherem said which is suitable for the treatment of psoriasis, 
polymeric nanoparticle carries a residue on the surface 60 59. The method of skin care defined in claim 54 
selected from the group consisting of a-D-galactosyl, which is suitable for stimulating hair growth. 
a-L-rnamnosyl or a-D-galactopyranosyl-6-phosphate. * • * • * 
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